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Abstract 
Objective: Previous studies have shown that Tai Chi may have a role in the 
management of type 2 diabetes. However, to date, no studies have focused 
specifically on the effects of Tai Chi in people with type 1 diabetes. The aim of 
this pilot study was to evaluate the effects of a Tai Chi program on health in-
dicators in adults with type 1 diabetes. Methods: This was a two-group qua-
si-randomised controlled trial with 13 participants (six men and seven wom-
en, aged 24 - 63 years) with type 1 diabetes. This trial was conducted from 
May to November 2016. The intervention group attended Tai Chi exercise 
training for 1 to 1.5 hours, twice a week for 12 weeks, and the control group 
continued with their usual medical care. Indicators of glycaemic control 
(HbA1c), depressive symptoms, physical measures (body mass index, waist 
circumference, blood pressure and leg strength), and health-related quality of 
life (physical and mental components summary scores) were assessed at base-
line and 12 weeks’ post-intervention. Results: There were significant or bor-
derline significant between-group differences in changes over time in favour 
of the intervention group in depressive symptoms (p < 0.01), waist circumfe-
reance (p = 0.059), mental components summary score (p = 0.051) and leg 
strength (p < 0.05) during the 12 weeks’ intervention. Further, compared with 
baseline, significant improvements were observed in depressive symptoms (p 
< 0.05), mental components summary score (p < 0.05) and leg strength (p < 
0.01) in the intervention group, but not in the control group. In contrast, 
there was a significant increase in waist circumference in the control group (p 
< 0.05) but not in the intervention group. Conclusion: In conclusion, there 
were improvements in mental health and leg strength in these adults with 
type 1 diabetes. Large studies are needed to further investigate the effects of 
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Tai Chi in people with Type 1 diabetes. 
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1. Introduction 
Between 10% and 15% of people with diabetes have type 1 diabetes (T1D). As it 
is a chronic disease, T1D is also associated with increased risk of depressive dis-
orders [1]. The prevalence of depression among people with type 1 diabetes 
(20% - 27%) is at least two to three times greater than the 5% - 8% background 
rate of depression reported for those who are non-diabetic [2]. Depression, in 
combination with diabetes, is associated with poorer diabetes control, increased 
diabetes-related complications, increased frequency of emergency department 
visitation and hospitalisations, greater functional impairment, increased suici-
dality and higher healthcare costs [3] [4] [5] [6]. Improvements in mental health 
may therefore be associated with management in glycaemic control in people 
with T1D. There is growing evidence of favourable effects of physical activity 
(including vigorous intensity exercise and resistance training) on glycaemic control 
in people with T1D [7] [8]. Tai Chi, being a gentle and low impact mind-body 
exercise, has been shown to improve both glycaemic control and depressive 
symptoms in people with type 2 diabetes [9] [10] [11], suggesting that it may 
have a role in managing glycaemic control, and improving mental health in 
adults with T1D. However, to date, no studies have focused specifically on the 
effects of Tai Chi in people with T1D. This pilot study examined the effects of a 
Tai Chi program on indicators of glycaemic control, mental health, health-related 
quality of life and physical measures (including body mass index, waist circum-
ference, blood pressure and leg strength), in adults with T1D.  
2. Methods 
The methods were similar to those described in an earlier paper [12].  
2.1. Participants and Study Design 
Ethical clearances were obtained from the Metro South Hospital and Health Ser-
vice Human Research Ethics Committee at Princess Alexandra Hospital and the 
Human Research Ethics Committee at The University of Queensland (Austral-
ia). It was a two-group quasi-randomised controlled trial, conducted from May 
to November 2016. Outcome measures were assessed at baseline and 12 weeks 
after intervention. Participants with T1D were randomly allocated to the Tai Chi 
intervention, or to the usual care control group, based on recruitment date. Due 
to logisitic constraints, the first six participants were assigned to the intervention 
group. The control group was offered the Tai Chi program at the end of the 
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study. We recruited participants through referral from endocrinologists at the 
Department of Diabetes and Endocrinology of the Princess Alexandra Hospital, 
as well as letters of invitation to members of Diabetes Australia Queensland. In-
clusion criteria were: type 1 diabetes with HbA1c of 7.5% - 10%, on stable insu-
lin therapy; aged 18 - 70 years; no health or injury problems that would prevent 
doing the exercises; able to attend intervention sessions 2 times per week for 12 
weeks; and living in Brisbane. From 39 potential participants, 13 were eligible to 
participant in the study (see Figure 1). Before attending the baseline assessment, 
all participants were cleared by their Endocronologist/General Practitioner, and 
signed the consent form to participate in the study.   
2.2. The Intervention 
During the 12 week study, the Tai Chi group attended group training twice a 
week, conducted by an experienced Tai Chi instructor. The intervention group 
also practiced at home using the Tai Chi program DVD provided by the study, 
on days when they did not attend the group training. The exercise employed in 
this study was KaiMai Tai Chi style [13]. Each training session consisted of 
 
 
Figure 1. Flow of participants through the study. 
39 potential participants assessed for eligibility
26 excluded
11   HbA1c < 7.5 
7     Time commitment
1     Work commitment
1     Family commitment
1     Type 2 diabetes 
3     Unknown 
2     Unreachable 
13 eligible participants 
randomized
6 assigned to receive intervention 7 assigned to control group
1 did not complete the study 
(due to a health condition)
2 did not complete the study
(due to family/work commitments)
5 completed the intervention and
post-intervention assessment
5 completed the study and
post-intervention assessment
6 included in primary (Expected 
Maximization method) analysis
5 included in secondary treatment-
received analysis
7 included in primary (Expected 
Maximization method) analysis
5 included in secondary treatment-
received analysis 
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warm up, practice and cool down and lasted for around 1.5 hours. The intensity 
of the training was individualized according to each participant’s health condi-
tion.  
2.3. Measures 
All participants provided written informed consent prior to baseline assessment. 
The baseline assessment was conducted at the Princess Alexandra Hospital by an 
independent research assistant (including blood sample collection, questionnaire 
and physical measures), followed by the same assessment at 12 weeks.  
The primary outcomes included HbA1c (assessed from a fasting venous blood 
sample) and depressive symptoms (using the short form of the CES-D Depres-
sive Scale 10) [14]. The secondary outcomes included physical measures and 
quality of life (QOL). Waist circumference, height and weight were measured 
using standard protocols [15]. Body mass index (BMI) was calculated as weight 
(kg) divided by height squared (m2). Resting blood pressure was measured using 
standard protocols [16] [17]. QOL was assessed using the Medical Outcomes 
Study 36-Item Short-Form Health Survey (SF-36) [18]. Leg strength was as-
sessed using a chair-stand test (number of stands completed in 30 seconds) [19]. 
The questionnaire asked about age, gender, country of birth, family history of 
diabetes, language spoken at home, depressive symptoms, and health-related 
quality of life. The acceptability and feasibility of the Tai Chi program were also 
assessed using open-ended questions at post-intervention including perceived 
benefits of and barriers to participating in the program, and comments on the 
Tai Chi program DVD provided for at-home practice.  
The group training instructor recorded the group session attendance, and 
reasons for non-attendance at each class. The at-home practice was recorded by 
the participants themselves using a diary during the intervention.  
2.4. Statistical Analyses 
All the statistical analyses were conducted in SPSS (Version 23). 13 participants 
participated in this study, with six assigned to the intervention group and seven 
to the control group. One from the intervention group and two from the control 
group were lost to follow up. Primary analyses were conducted using the Ex-
pected Maximization (EM) method to estimate missing values. Secondary ana-
lyses were also conducted using treatment-received analyses. Descriptive statis-
tics were used to characterize participants at baseline and follow up. Indepen-
dent samples t-tests were used to assess between group differences at baseline in 
outcome variables. One way repeated measures ANOVA was used to assess dif-
ferences between groups in changes over time in each of the outcome variables.  
3. Results 
3.1. Participant Characteristics 
Thirteen participants (6 men and 7 women, aged 24 - 63 years old) participated 
X. Liu et al. 
 
 
DOI: 10.4236/health.2019.113030 345 Health 
 
in this pilot study. All except three were born in Australia, but all spoke English 
at home. The average age of diagnosis with T1D was 26 (range 5 - 48) years, with 
an average history of T1D of 16 (2 - 31) years. HbA1c levels ranged from 7.5 to 
9.2%. 
3.2. Adherence, Acceptability and Feasibility  
Adherence to the program was good, with all intervention participants except 
one retained during the 12 week program (Figure 1). On average participants 
attended 83% of the group classes, with absence mainly attributed to competing 
family or work commitments. Two participants in the control group dropped 
out during the study (Figure 1). 
Participants reported both physical and psychological benefits from the pro-
gram. Perceived physical benefits included “knees feeling better” and “getting 
sore less”, “starting to get thigh muscles”, “more energy”, “sleeping better”, “im-
proved flexibility” and “improved wellbeing”. Reported psychological benefits 
included feeling “happier”, “more calm”, “better concentration”, and “more 
confidence in managing and talking about T1D”. Participants reported “feeling 
more positive and more active”, “improved coping” and “less stress” (particu-
larly at work). All participants reported that the DVD was useful for their learn-
ing and training, with comments indicating that it assisted with memorising the 
movements.  
3.3. Changes in Primary Outcomes  
There were no between group differences in the demographic or outcome va-
riables at baseline. 
Changes in HbA1c and depressive symptoms from baseline to post-intervention 
in each group are shown in Table 1 and Figure 2. There was no change in 
HbA1C in either group. There was however a small but significant improvement 
in depressive symptoms in the intervention group (p < 0.01) and a concomitant 
worsening in the control group (p < 0.05) (see Table 1). Individual data showed 
an improvement in depressive symptoms in 4 of the 6 intervention participants 
and slightly worsening symptoms in all but one of the control group (see Figure 2).  
3.4. Changes in Secondary Outcomes 
Changes in physical measures and quality of life from baseline to post-intervention 
are also shown in Table 1 and Figure 2. The only between group differences in 
changes over time were in waist circumference (p = 0.059), mental components 
summary score (p = 0.051) and leg strength (p < 0.05). Although there was no 
significant improvement in waist circumference in the intervention group, this 
measure increased significantly (worsened) in the control group (p < 0.05). 
There were improvements in the mental health summary score (p < 0.05) and 
leg strength measure in the intervention group (p < 0.01) but not in the control 
group (Table 1).  
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Table 1. Changes in Primary and Secondary Outcomes from Baseline to 12 Weeks Post-intervention (N = 13). 
Outcomes Intervention Control 
Between-group 
difference in 
changes over time# 
 Baseline Post-intervention Mean difference Baseline Post-intervention Mean difference 
P value 
 Mean (SD) 
Mean 
(SD) 
Mean 
(CI) 
Mean 
(SD) 
Mean 
(SD) 
Mean 
(CI) 
Primary outcomes        
HbA1c (%) 7.97 (0.28) 8.21 (0.51) 0.24 (−0.33; 0.81) 8.46 (0.61) 8.59 (0.66) 
0.24 
(−0.40; 0.67) 0.758 
Depressive symptoms 
(score) 22.5 (8.02) 19.17 (4.28) 
−3.33* 
(−6.30; −0.35) 17.71 (5.09) 20.53 (4.00) 
2.81* 
(0.06; 5.57) 0.007* 
Secondary outcomes      
BMI (kg/m2) 24.26 (3.69) 24.51 (3.71) 0.25 (−1.83; 2.33) 26.46 (3.48) 27.09 (2.75) 
0.63 
(−1.30; 2.56) 0.773 
Waist circumference 
(cm) 87.55 (5.36) 86.41 (6.00) 
−1.14 
(−4.25; 1.98) 92.81 (8.51) 95.74 (9.86) 
2.93* 
(0.05; 5.82) 0.059* 
Systolic blood  
pressure (mm Hg) 
119.61 
(15.39) 116.37 (5.48) 
−2.84 
(−23.77; 18.10) 129.48 (18.94) 128.31 (17.90) 
−1.17 
(−20.55; 18.77) 0.900 
Diastolic blood  
pressure (mm Hg) 77.72 (9.85) 74.72 (4.74) 
−3.00 
(−12.96; 6.95) 75.67 (6.17) 75.68 (6.81) 
0.13 
(−9.2; 9.23) 0.634 
Physical components 
summary score (score) 38.30 (7.99) 38.98 (6.04) 
0.68 
(−5.70; 7.07) 40.99 (5.68) 40.64 (3.64) 
−0.35 
(−6.26; 5.56) 0.799 
Mental components 
summary score (score) 39.47 (9.67) 49.14 (3.15) 
9.66* 
(2.61; 16.72) 46.04 (8.58) 46.14 (4.92) 
0.11 
(−6.43; 6.64) 0.051* 
Leg strength (number 
of chair stand test) 15.00 (6.39) 18.29 (7.12) 
3.23* 
(1.46; 5.12) 13.14 (3.39) 13.86 (2.87) 
0.72 
(−0.97; 2.42) 0.045* 
#Results from Expected Maximization method of analysis; * Significant or borderline significant differences in changes over time. 
 
Individual data indicated variable changes in BMI in both groups, with small 
improvements in 4 of 6 intervention, and 2 of 7 control participants (Figure 2). 
Similarly, while there were improvements in leg strength in 5 of the 6 partici-
pants in the intervention group, leg strength also improved slightly in 4 of the 
control group participants. However, the improvement was statistically signifi-
cant in the intervention group, but not in the control group (Table 1).  
The results described above were based on the primary Expected Maximiza-
tion analysis method. These findings did not change with “treatment received” 
analyses, except that the latter demonstrated significant between-group effects in 
favour of the intervention group in HbA1c (p < 0.05) and waist circumference (p 
< 0.05).  
3.5. Changes in Medication 
Three participants made changes to their medication during the study. One par-
ticipant in the intervention group changed one brand of insulin (Humalog) to 
another (Novorapid), but with the same dose. Two control participants made 
changes to their insulin regimens, by changing the dose or type of insulin used.  
X. Liu et al. 
 
 
DOI: 10.4236/health.2019.113030 347 Health 
 
 
Figure 2. Individual Changes in HbA1c, Depressive Symptoms, Body Mass Index (BMI) 
and Leg Strength at Pre- and Post-12 Weeks Intervention (results from the Expected 
Maximization analysis method). 
4. Discussion 
This was the first study to investigate the effects of Tai Chi on health indicators 
in adults with T1D. There were significant or borderline significant between-group 
differences in changes over time, in favour of the intervention group, in depres-
sive symptoms, waist circumference, mental components summary score and leg 
strength during the 12 week intervention. The involvement of many leg move-
ments in Tai Chi training may explain the marked improvements in leg strength 
in the intervention group. This is important, because previous studies have 
shown that resistance training can improve glycaemic control, insulin sensitivity 
and cardiovascular risk factors in people with Type 2 diabetes [20] [21]. The im-
provement in leg strength may help the management of T1D, especially in the 
long term. In addition, the improvements in depressive symptoms and mental 
health are similar to those seen in previous Tai Chi/Qigong studies of adults with 
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Type 2 diabetes [9] [10] [11] [22], and are consistent with the view that “positive 
mind” activities, which are central to Tai Chi training, can promote improved 
mental health in this patient group. This is important because there is evidenc 
showing the combination of depression and diabetes is associated with diabetes 
control and diabetes-related complications [3] [4] [5] [6].  
Interestingly, although the between group difference was not quite statistically 
significant, there was a significant increase in waist circumference of almost 3 
cm in the control group, but no change in the intervention group. This shows 
the potential of this Tai Chi program to control the development of central obes-
ity in people with T1D. This is important because central obesity is integral to 
the definition and development of metabolic syndrome and diabetes [23]. It has 
also been reported that 15% of people with T1D fulfill the criteria for metabolic 
syndrome and are at higher risk of macrovascular complications [24]. Therefore, 
management of central obesity through Tai Chi intervention may also help re-
duce the risks of developing many other diseases.  
This pilot study was limited by the small sample size, which resulted from 
challenges in recruiting for this study. Although local medical practitioners in-
dicated their willingness to refer patients, few of the referred patients were will-
ing to give their time to this study, especially if they were to be in the control 
group. This suggested that different study design and recruitment strategies may 
need to be considered in future studies. 
The small sample size limited our ability to demonstrate statistically signifi-
cant group differences in most variables, but the data showed indications of im-
provement in some important measures (including depressive symptoms, waist 
circumference, mental components summary score and leg strength) during the 
12 week intervention. These observations support the view that Tai Chi may 
have a role to play in improving health outcomes in adults with T1D, if only they 
could be persuaded to do this form of exercise. The data on changes over time 
will be useful for determining sample sizes and power for future studies. 
A second limitation is the study design. As the Tai Chi instructor was availa-
ble for only a limited time, we had to start the intervention with the early partic-
ipants, rather than randomly assign participants to groups on recruitment. 
However, there were no differences between the groups on any measure at base-
line.  
5. Conclusion 
This pilot study of a 12-week Tai Chi intervention found improvements in men-
tal health and leg strength in adults with T1D. The data support the need for 
larger well-designed studies to further investigate the effects of Tai Chi on health 
indicators in adults with T1D. 
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